Spikes in international food prices in 2007-2008 worsened poverty incidence in Indonesia, both rural and urban, but only by small amounts. The paper reaches this conclusion using a multisectoral and multi-household general equilibrium model of the Indonesian economy. The negative effect on poor consumers, operating through their living costs, outweighed the positive effect on poor farmers, operating through their incomes. Indonesia's post-2004 rice import restrictions shielded its internal rice market from the temporary world price increases, muting the increase in poverty. But it did this only by imposing large and permanent increases in both domestic rice prices and poverty incidence. Poverty incidence increased more among rural than urban people, even though higher agricultural prices mean higher incomes for many of the rural poor. Gains to poor farmers were outweighed by the losses incurred by the large number of rural poor who are net buyers of food and the fact that food represents a large share of their total budgets, even larger on average than for the urban poor. The main beneficiaries of higher food prices are not the rural poor, but the owners of agricultural land and capital, many of whom are urban based.
World food prices and poverty in Indonesia *
Introduction
Sharp increases in international food prices from 2007 to 2008 raised concerns of massive increases in global poverty, especially in the poorest countries. These concerns rested on two assumptions: higher food prices were permanent, or at least long lasting; and international food price increases worsen poverty. According to the evidence so far, the first assumption was premature, in that the massive price increases of 2008 subsequently receded, with some exceptions discussed below. The validity or otherwise of the second assumption is less clearcut.
Increases in food prices affect poverty incidence in two opposing ways. First, poor consumers are harmed, in both urban and rural areas, particularly because of the high proportion of their budgets spent on food. Second, many poor farmers and some poor nonfarmers benefit, because higher agricultural prices raise the returns to the factors of production these households own; in developing countries, the majority of poor people reside in rural, not urban areas, and a high proportion of the rural poor are directly dependent on incomes derived in some way from agriculture. It is not obvious, a priori, which of these two conflicting effects dominates.
At the simplest level, higher food prices would seemingly increase poverty among households who are net purchasers of food but reduce it among net sellers. Ivanic and Martin (2008) study nine poor countries, not including Indonesia, arguing that net food purchasers outnumber net food sellers in most but not all cases. Warr (2008) argues that even in a major food exporting country (Thailand) higher food prices raise poverty incidence, on balance, because the negative effect on poor consumers outweighs the positive effect on poor producers. From this, would seem likely that in net importing countries, higher international food prices would also worsen poverty. Other things being equal, in net food importing countries the balance between net purchasers and net sellers favours the purchasers more heavily than in net food exporters.
Indonesia is a large net importer of food. Most of its major staples, including rice, maize, cassava, soybeans and sugar, are net imports and Indonesia is now the world's largest importer of wheat. Its agricultural exports have tended to be non-staples produced on estates, such as rubber, copra, coffee and tea, rather than staple foods produced by smallholders. But
Indonesia's vulnerability to world food price increases is complicated by its policy on imports of its most important staple, rice. Until the early 2000s, Indonesia was the world's largest rice importer. With the country's transition to a more democratic form of government, the lobbying power of pro-farmer political groups led first to heavy tariffs on rice imports and then, in 2004, to a ban on rice imports. Despite the official prohibition, limited quantities of imports are occasionally permitted (Warr 2005 (Warr , 2011 . According to Fane and Warr (2008) , by 2006 this policy had restricted imports to an average of about one fourth of their previous volume and had increased domestic rice prices relative to world prices by about 37 per cent.
The import quota on rice meant that the 2007-08 world price increase was not transmitted to the Indonesian rice market (Timmer 2008) . Within Indonesia, this feature of the policy environment clearly affects the world price/poverty relationship. The central objective of this paper is to determine the effect that the world food price increases had on poverty in Indonesia. Section 2 reviews data on the world prices of six internationally traded agricultural commodities that are important for Indonesia. Section 3 argues the necessity of a general equilibrium treatment and summarizes the model of the Indonesian economy used for this purpose. Section 4 describes the simulations performed and presents their results. Section 5 concludes. Figure 1 and Table 1 summarize international prices for six commodities of significance for   Indonesian food and agriculture: rice, maize, sugar prices remained at unprecedentedly high levels.
Recent increases in world food prices
All six commodities are net imports for Indonesia. Rice is uniquely important. It is a central source of income for millions of Indonesian farmers and the staple food of most of the population. Maize and cassava are important staples in some regions, particularly Eastern Indonesia, where poverty is especially concentrated. Sugar is a net import but is an important cash crop in some regions. Wheat is an important input for many processed foods, but is not grown in significant quantities within Indonesia (Table 2) .
[ Figure 1 about here]
We are especially interested in the price increases of 2007-08. [ Tables 1 and 2 about here] 3. The INDONESIA-E3 Model of the Indonesian Economy
The case for a general equilibrium treatment
The effects that international price shocks have on the welfare of individual households involves both impacts on household costs, operating through changes in consumer goods prices, and impacts on household incomes, operating through changes in factor returns.
Higher international prices will be transmitted partially to domestic consumer and producer prices. When consumer prices of food rise, demand shifts to other commodities, potentially influencing their prices as well, depending on the detailed structure of commodity demands and supplies. The effect on the living costs of individual households then depends on these changes in consumer goods prices as well as the structure of household expenditures.
On the income side, factor returns will be affected. 1 Consider, for illustration, the consequences of an increase in rice prices. The rice industry can be expected to respond to a higher producer price with increased output, increasing demand for the factors of production that are important for the rice (paddy) industry. Returns to paddy land will increase.
Moreover, since paddy is a large employer of unskilled labour and is labour-intensive, unskilled wages may rise, reducing returns to capital and fixed factors in all industries, and possibly affecting skilled wages. These changes in factor returns will then affect the structure of household incomes throughout the economy, depending on the pattern of factor ownership.
Clearly, analysis of the way large external price shocks affect the structure of household welfare, and thus poverty, is an inherently general equilibrium problem. In this study we use a computable general equilibrium (CGE) model of the Indonesian economy, known as INDONESIA-E3 (Economy-Equity-Environment), designed with a strong emphasis on distributional analysis and capturing all of the economic relationships mentioned above.
The model belongs to the Johansen class of general equilibrium models, which are linear in percentage changes. Most structural features are as described in Warr and Yusuf (2011) -subsequently WY -to which the reader is referred. There are three exceptions. First, rather than the 43 industries described in WY there are 41, listed in Table 2 : agriculture 7
(rows 1 to 7), resources 4 (rows 8 to 11), agricultural processing 4 (rows 12 to 15), plus industry 13 and services 13. Second, the present model omits the regional disaggregation described in WY. Third, the present model contains a highly disaggregated household structure, designed to facilitate analysis of the way exogenous shocks affect poverty and inequality, but not included in WY.
Factor mobility
The labour force is segmented into 'skilled' and 'unskilled', based on workers' occupations.
Skilled labour means clerical and managerial workers and unskilled means agricultural production workers and non-agricultural manual workers. Both categories of labour are assumed to be mobile across all sectors while capital and land are immobile across industries.
These features imply an intermediate-run focus for the analysis, with an adjustment time of about two years. The focus is neither very short-run, or else labour would be less than fully mobile, nor long-run, or else capital and land would be more mobile. Table 3 summarizes the importance of the above factors of production within the cost structure of the major industry categories. Notably, 'skilled' labour represents a small share of total costs in agriculture.
[ Table 3 about here]
Households and final demand
Two categories of households are identified, rural and urban, each divided into 100 subcategories of equal population size, with these sub-categories arranged in order of expenditure per capita. Average sources of household incomes are summarized in [ Table 5 about here]
International price changes produce both gainers and losers. We wish to discover the net effects on poverty incidence. Disaggregation of the total population into its rural and urban components suits this objective and is policy-relevant. But the disaggregation might in principle have been done differently, such as division by socio-economic group or by occupational category -instead of, or in addition to, the rural/urban split employed here. A deeper disaggregation within each of the rural and urban household categories would be feasible, but a disaggregation not founded on the rural/urban distinction would face an empirical problem. The Indonesian statistical authorities have estimated group-specific poverty lines and base levels of poverty incidence for the rural and urban sub-populations, but not for any other population sub-categories.
Analyzing distributional impacts
Several different approaches have been adopted in analyzing income distribution within a CGE context. The approach of this paper is the integrated multi-household method, which disaggregates households into a discrete number of sub-categories, arranged by expenditure or income per capita. These households are then fully integrated into the general equilibrium 
where is the poverty line and . As is well known, 1 and 2 correspond to the headcount measure of poverty incidence, the poverty gap and the poverty severity measures, respectively. In the important case of the headcount measure ( ) this expression reduces to .
The first term of (2) is simply the highest centile for which expenditure per capita is less than or equal to the poverty line. The second term is a linear approximation to where poverty incidence lies between centiles c and c+1.
The general equilibrium simulation of the impact of a particular shock generates 
Simulations and results

The shocks
Six initial sets of simulations were conducted, reflecting the real price changes depicted in the second row of Table 1 . These are to be understood as simulations of the effects of changes in the international prices of these commodities facing Indonesia in the world market, relative to other international prices. They are denoted Sim 1 to Sim 6 in the tables that follow. The other three sets of simulations shown in the tables (Sim 7 to Sim 9) are explained below.
Model closure
The macroeconomic features of the model closure and the reasons for them are as described 
Results
Tables 6 to 10 summarize the results. The changes in the real prices of each of the six commodities are introduced as shocks to the model at the rates indicated in Table 1 [ Table 6 about here]
Turning to macroeconomic results in Table 7 , significant changes in GDP do not occur and should not be expected, because there is no technological progress occurring and factor supplies are fixed. 'Real GDP' means GDP calculated at base period prices. It takes no account of the deterioration of Indonesia's terms of trade implied by an increase in import prices. The effect on real household consumption is a better indicator of the change in aggregate welfare.
Real aggregate household consumption declines marginally, by 0.06 per cent. Real unskilled wages rise because as the maize industry increases its output the demand for unskilled labour rises, bidding up its wage. This increase in unskilled wages is transmitted through the entire economy, lowering the demand for skilled labour and capital, thus reducing their average real returns. But the fixity of land used in maize production means that its real return rises.
[ Table 7 about here] and it is sufficient to focus on the headcount measure. The increase in the producer price of maize benefits maize producers and the increase in the consumer price harms maize consumers.
But other people are affected as well, even those neither producing nor consuming maize, because real wages and returns to capital and land are affected throughout the economy. Urban and rural poverty incidence both increase. The negative effect on poor rural consumers of maize outweighs the positive effect of the increased returns to fixed factors owned by poor maize producers and the small increase in unskilled wages.
Rural inequality increases, but this is enough to reduce the economy-wide Gini coefficient maize between early 2003 and early 2008 (Table 1) , over the same period the domestic producer price of of inequality by a small amount. This paradoxical outcome arises because the increase in rural inequality results mainly from an increase in the real incomes of households who are upperincome within the rural population. From a national perspective, these households are not upperincome, but middle-income. The increase in their incomes reduces total inequality.
[ Table 8 about here]
Are these results highly sensitive to the particular parametric assumptions underlying the simulations? Table 9 analyses the degree to which the simulated changes in urban, rural and total poverty incidence are affected by varying systematically the underlying parametric assumptions about Armington elasticities, elasticities of substitution and export demand elasticities. For this purpose, we focus on Simulation 7 above (all six commodity prices increasing simultaneously). The results are displayed in Table 9 by varying the ratio of the parametric assumption used to the central parametric value. The central column headed 1.00
repeats the parametric assumptions used in Simulation 7 in Tables 8 to 11 and the results are thus the same as those shown in Table 10 . A ratio of 0.50 means that all values of the parameter concerned are set at one half of the values assumed in the previous simulations, and so forth. The qualitative pattern of the results is quite robust to plausible changes in the underlying parameters.
[ Table 9 about here]
The poverty analysis described above rests on the Indonesian government's official [ Table 10 about here]
It can be shown that the change in household-level real expenditure is equal to the change in nominal consumption minus the change in the cost of living (Warr 2008 ). The change in nominal consumption is itself equal to the change in total income minus the change in saving. By examining each of these components of the change in real expenditure, it is clear that the overwhelming source of the decline in real expenditures of this household is the increase in its cost of living, rather than any component of the change in its income. Poverty increases because the negative effect of the increase in the consumer price of maize exceeds the net beneficial effects on incomes.
This same sequence can be followed for the borderline-poor urban household (top half of the table) and for each of the other five commodities shown in the table. Now, comparing the results across commodities, the sizes of the changes in real expenditures shown at the bottom of Table 10 can be compared with one another. Simulation 7 is the result of applying all six of the commodity price shocks together. For the borderline-poor rural household, at least, the maize component is by far the largest. But this is strange. Rice is a far more important commodity for Indonesia than maize, and the increase in the international price of rice (212 per cent) is larger than the increase for maize (124 per cent). Why is the effect of the rice price increase so small?
Returning to Table 6 , Simulation 4 shows that the increase in the rice price produces almost no increase in the producer price of rice, or the output of rice, or its consumer price, and no reduction at all in imports of rice. The reason is the quantitative restriction on rice imports.
The increase in the international price merely reduces the rent associated with the limited amount of imports that are permitted. This may be a problem for the rich urban households who own the import licences, but it does almost nothing to the domestic market for rice, or to the poor.
3
What if the instrument of rice industry protection had been a tariff instead of a quota?
This possibility is analysed in Simulation 8, labelled 'Rice tariff'. The simulation is identical to Simulation 4, except that the instrument of protection is a fixed ad valorem tariff which initially restricts imports by the same amount as the quota. The same (212 per cent) international price increase is then imposed in this simulation. The huge price increase reduces rice imports by a further 98 per cent relative to the tariff-reduced level, significantly raising producer and consumer prices at the same time. Poverty incidence rises in both rural and urban areas (Table 8) , overwhelmingly because of the increase in the cost of living of poor households (Table 10 ).
The fact that the actual instrument of protection was an import quota rather than a fixed ad valorem tariff shielded Indonesia's poor from transmission of the rise in the international price of rice. Does this mean that the quota benefited the poor? Consider the effect on poverty if it was eliminated, but international prices had not increased? This possibility is analysed in Simulation 9, labelled 'Quota elimination'. Poverty incidence declines in both rural and urban areas, again overwhelmingly because of the reduction in the living cost of the poor (Table 10 ). [ Figure 6 about here]
Conclusions
The increases in international food prices from 2007 to 2008 raised poverty incidence temporarily within Indonesia. The effect was significant but not large. For all commodities except rice, the international price increases harmed the poor, on balance -both rural and urban -primarily because of the increase in the consumer prices of staple foods.
The percentage increase in poverty incidence was even larger in rural areas than urban areas, despite the fact that, for many of the rural poor, higher agricultural prices mean higher incomes. Their gain was outweighed by the losses incurred by the large number of rural poor who are net buyers of food and the fact that, for these people, food represents a large share of their total budgets, even larger on average than for the urban poor. The main beneficiaries of higher food prices are not the rural poor, but the owners of agricultural land and capital, many of whom are urban based.
In the important case of rice, the poverty-increasing effect of the international price increase was muted by Indonesia's rice import restrictions. The increase in the international price reduced the value of the import quotas but was not transmitted to domestic rice prices.
Nevertheless, the import quotas achieved this temporary benefit at the expense of large and permanent increases in both domestic rice prices and poverty incidence. Note: Import share means imports/domestic demand. Export share means exports/domestic production. Source: Authors' calculations. Armington elasticities and export demand elasticities are derived from the GTAP database, as described in GTAP database, as in Hertel (1997). 
